in statistics. Therefore, only the principal properties can be given in Table 2 . The energy of 642 keV of the most intense y-ray, measured as mentioned in the preceding section, agrees with that of a transition occuring in the a-decay of 240 Pu and assigned to a K, I 3l = 2, 2" level in 236 U' 6 .
The Immersion Grating: Spectroscopic Advantages and Resemblance to the Echelon Grating
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The function of the immersion grating is explained and special attention is given to the role of the prism, which has been subject to misunderstandings. The analogy between the immersion grating and the echelon grating, used in reflection through the glass, is demonstrated.
The immersion grating consists of two solid components, a reflection grating and a prism. These are held in optical contact by means of the third component, a film of immersion oil, such as monobromnaphthalene. The contribution of each component, as well as the dispersion and resolving power of the system as a whole, have been considered by HULTHEN and NEUHAUS 1 . The use in spectroscopy of immersion gratings was first suggested by HULTHEN 2 and the results of a number of experiments have been reported 11 3-5 .
Recently, this instrument has been described by STROKE 6 , in his chapter on Diffraction Gratings in Flügge's Handbuch der Physik. The present note offers some comments, as we consider STROKE'S treatment rather misleading. At the same time we draw attention to the close theoretical analogy between the immersion grating and the echelon grating when used as a reflection grating illuminated through the glass. A theoretical explanation of the latter arrangement was given by MITRA 7 , who did not, however, point out the above analogy. Let us first consider a diffraction grating covered with a plane parallel film of a dielectric medium with a high refractive index. It is easily shown 6 that the grating equation is not altered by the presence of the medium. From this it may be concluded: The spectra from a free and an immersed grating, as observed in air, coincide in all orders. Thus the medium per se does not contribute to the dispersion or resolving power of the grating. But this does not mean that no spectroscopic advantages are to be won by the immersion arrangement.
However, a better oerformance from the grating can only be attained by the immersion technique if the grating is blazed. This is the crucial point of the argument, and one that is overlooked by Stroke.
We shall denote the blaze angle of the grating by £, and throughout the discussion we presume that the grating works in autocollimation, so that the angle of diffraction is approximately equal to the angle of incidence a on the grating. Thus we have for a free grating in air the equation
and for an immersed grating we may write
If, in both cases, we work close to the blaze in order to ensure maximum intensity, we have the additional condition a ~ £ ~
and noting that = where is the refractive index of the dielectric medium, it will be seen immediately that mi ~ m-n\.
The ~ sign is called for by the fact that both m\ and m must be integers; this will be better fulfilled the larger the value of m. (In practice it is quite well fulfilled for high order gratings when m 10. Even for low order gratings, though, there is a marked redistribution of intensity among orders, as has been shown experimentally 1 .) This result may be expressed: The effect of the medium is to shift the blaze into an order of spectrum that is higher by a factor ~ n\, for the same wavelength in air. The resolving power of the immersed grating in the direction of the blaze will be
Now of course the angle of incidence upon the surface of the medium is not a\ but y, given by nair sin y -n\ sin aj.
This angle y will be fairly large, especially for a grating with a large blaze angle. Because of reflection losses it is thus suitable or even necessary to let the rays enter the medium through a face that is as nearly as possible perpendicular to the rays, i. e. to give the dielectric medium the shape of a prism, like the prism on the Lummer-Gehrcke plate. Obviously this does not affect the validity of Eq. (2) above; it is still true that the blaze is shifted into a higher order. On the other hand, if the surface of the medium is perpendicular to the rays, these will not change their direction on entering or leaving the medium. Consequently, with the prism arrangement, the diffracted rays constituting the spectrum of order m\ ~ m • n\ will have approximately the same direction in air as those of the ra-th order spectrum produced by a free grating. Stroke finishes his treatment of the subject by saying that the increase in dispersion is due to the prism and not to any new property of the grating or the grating equation. While we do not dispute the general validity of the grating equation, it should be clear from the above discussion that the presence of the medium effects a redistribution of intensity among the different spectral orders, thus making available higher orders than otherwise and thereby in practice increasing the dispersion and resolving power of the apparatus.
The resolving power at blaze angle of the immersion grating with prism arrangement (when the rays are perpendicular to the prism face) has been given by HULTHEN and NEUHAUS 
Here the first term is the resolving power of the immersion grating proper as by Eq. (5), while the second term is recognized as the resolving power of a prism with base W sin ß, twice traversed, if the refractive angle of the prism is ß. Note that ns sin ß -rii sin a; ^ n\ sin e .
The normal dispersion of the glass 3%/3A being negative, it is true that the two terms add up to give a larger resolving power than that of the immersion grating proper. It must be noted, though, that the second term contributes much less than that the factor n\, which represents the increase of resolving power over that of the same grating without immersion, other circumstances being equal. We might say that the contribution of the prism is a fringe benefit that is gratefully acknowledged but not essential to the function of the system.
The arrangement described by MITRA 7 is in fact an immersion grating with the glass of the echelon plates acting as the immersion oil and prism. (For clarity, the prismatic part ABC of the echelon is shown by dashed lines in Fig. 1 .) When Mitra calculated the theoretical resolving power of the reflection echelon, he arrived at the result
MITRA'S notation is explained in Fig. 1 . The same figure also shows that our notation transforms into that of Mitra through the substitutions ng = m = jli, ß = ai^£, W sinß^W sms = N t which also, obviously, transform Eq. (6) into Eq. (7). In Fig. 1 the refracting angle of the echelon is denoted by £, which symbol also means the blaze angle of the immersion grating. This is justified by the assumption that we work close to the blaze. ng = n[ implies ß = a\, of course. It is very interesting to note that the second term of Eq. (7), as before, represents the resolving power of the prism. Mitra neglects this term in comparison with the "immersion" part /u. The same term also appears when the echelon is used in transmission. To our knowledge, though, no author has found it worthwhile to discuss the contribution of the prism, with the possible exception of VON LAUE 8 , wo did not, however, consider the dispersion nor the resolution.
